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Tuesday, March 8, 2011 487ascattering showed that the radius of gyration values of S1PABITP(trans) and
S1PABITP(cis) are almost identical to those of S1ATP and S1ADP respec-
tively. The results suggested that the photo-isomerization of the PABITP induce
conformational change of myosin head, which may reflect energy transduction.
2642-Pos Board B628
Photocontrol of Myosin V ATPase Activity using Calmodulin Modified
with Photochromic Compound
Hideki Shishido, Mitsuo Ikebe, Shinsaku Maruta.
Calmodulin (CaM) is a physiologically important Ca2þ-binding protein that par-
ticipates in numerous cellular regulatory processes. CaMundergoes a conforma-
tional change upon binding to Ca2þ, which enables it to bind to specific proteins
for specific responses. For example, Ca2þ/CaM regulates actin-activated AT-
Pase activity of myosin V. Myosin V is a processive motor that has a role as
an organelle transporter in various cells. The neck domain of myosin V carries
six IQ motifs, which act as a binding site for CaM or CaM-like light chains.
Previously, we succeeded to photocontrol CaM binding to its target peptide us-
ing the photochromic compound N-(4-phenylazophenyl) maleimide (PAM),
which reversibly undergoes cis-trans isomerization upon ultraviolet (UV)
and visible (VIS) light irradiation. In order to incorporate PAM into specific
site, CaM mutants that have a reactive cysteine residue in the functional region
were prepared. PAM was stoichiometrically incorporated into the cysteine res-
idues in these mutants. The binding of the PAM-CaM mutants, N60C, D64C,
and M124C, to CaM target peptide was reversibly photocontrolled upon UV-
VIS light irradiation at appropriate Ca2þ concentrations.
Subsequently, we tried to photocontrol reversibly the function of myosin V us-
ing the PAM-CaM by UV-VIS light irradiation. Some of the endogenous CaMs
of myosin V were substituted by exogenous PAM-CaMs. The actin-activated
ATPase activities of Myosin V, substituted by PAM-CaM were slightly revers-
ibly photocontrolled upon UV-VIS light irradiation. Recently we are trying to
significantly photocontrol using novel photoresponsive CaM.
2643-Pos Board B629
Kinesin-Cam Fusion Protein as a Molecular Shuttle with Calcium Depen-
dent Cargo-Loading System
Takashi Kouda, Hideki Shishido, Shinsaku Maruta.
Recently, attention is being focused on the application of molecular shuttle
based on kinesin and microtubules. Essential point regarding a molecular shut-
tle is the cargo-loading system. Since the intrinsic physiological mechanism un-
derlying the selective binding of cargo to the tail domain of kinesin has not been
clarified thus far, artificial binding systems have been utilized for cargo bind-
ing. For instance, in a previous study, biotin-avidin and antigen-antibody sys-
tems were used for cargo binding. These systems are known to be highly
specific with extremely strong binding property. However, they have a defect
that the shuttle cannot release the cargoes. Therefore, it is required that a molec-
ular shuttle should have the property of reversible binding of cargo.
In this study, we developed a new molecular shuttle system in which the
cargoes of liposome labeled with M13 peptide reversibly bound to the shuttle
of kinesin-CaM fusion protein depending on Ca2þ concentration. We have pre-
pared the shuttle K560-CaM that consists of the N-terminal motor domain,
neck region, a-helical coiled-coil region and CaM at the C-terminus. K560-
CaM showed Ca2þ dependent reversible binding to M13-GFP. And,
Maleimide-conjugated liposome was prepared and its stability as a cargo was
examined. We also designed and synthesized the M13 peptide that has a single
cysteine at N-terminus. The peptide was reacted with maleimide located on the
surface of liposome. Currently we are studying the Ca2þ dependent interaction
between M13-liposime and M560-CaM.
2644-Pos Board B630
Cochleate Assemblies with Antimicrobial Oaks and Lipid Mixtures in
Absence of Divalent Cations: Biophysical Properties and Strategies to
Overcome Drug Resistance
R.F. Epand, H. Sarig, D. Ohana, B. Papahadjopoulos-Sternberg, A. Mor,
R.M. Epand.
We have recently shown that the cationic antimicrobial oligo-acyl-lysyl
(OAK), C12K-7a8, can form cochleate structures with lipid mixtures mimicking
the composition of bacterial cytoplasmic membranes. These assemblies can de-
liver drugs to bacteria, enabling them to overcome multidrug resistance and to
effectively protect neutropenic mice from lethal infection upon single-dose sys-
temic treatment (Livne et al., FASEB J, in press). The OAK-based lipid sys-
tems form cochleate structures with the novel feature that divalent cations
are not required for their assembly, thus freeing the requirement for PS as
well. We demonstrate that cochleate structures can assemble with a variety
of OAKs analogs and several lipid mixtures, but with varying efficacy. We
identify the biophysical characteristics that lead to cochleate formation in theseOAK-based lipid systems and the requirements for enhancement of their bio-
logical activity. The novel fact that lipophilic OAKs can drive cochleate forma-
tion in the absence of Caþþ with a variety of phospholipid mixtures results in
structures which can be exploited for drug delivery and permits their synergistic
use with antibiotics to increase efficacy and reduce toxicity. Knowledge of the
biophysical properties of these assemblies allowed us to optimize their effec-
tiveness in combating bacterial multidrug resistance.
2645-Pos Board B631
Bacterially Acceleration of Caco3 Mineralization
Jenny A. Cappuccio, Veronica D. Pillar, Changrui Xiao, Arthur Yu,
Caroline M. Ajo-Franklin.
Geologic carbon dioxide sequestration, the underground storage of carbon diox-
ide,will be an essential component of climate changemitigation.Carbonatemin-
erals are a promising form of stable CO2 storage, but their natural formation is
slow.Manymicrobes can influence the precipitation of carbonateminerals; how-
ever the mechanisms of suchmineralization are largely unknown. Hypothesized
mechanisms include metabolic processes altering pH and supersaturation, as
well as cell surface properties of extracellular polymeric substances (EPS),
cell membrane, and protein surface layers (S-layers) that may alter mineral nu-
cleation. This work investigates these mechanisms by allowing calcium carbon-
ate (CaCO3) to form in microbial solutions of Escherichia coli (E. coli) or
Synechocystis sp. PCC 6803 (Syn. sp. 6803) with varying calcium ion concentra-
tions, via the ammonium carbonate diffusion method. The resulting CaCO3 was
imaged with an optical microscope in tandem with fluorescent imaging of the
bacteria. Surprisingly, formation of CaCO3 was accelerated in the presence of
either species. This rate acceleration also occurred for metabolically inactive
bacteria, suggesting metabolic change was not the operating mechanism. Cal-
cium carbonate crystals increased in number as cell density increased. Fluores-
cent images show that both species of bacteria cluster on the edges and crevices
of the crystals, further supporting this idea. Bacterial surface chargewas assessed
using zeta potential measurements and correlated to biomineralization experi-
ments. From these results, we postulate that the charged bacterial surfaces attract
Ca2þ ions, serving as nucleation sites for CaCO3, thereby accelerating crystal
formation. These observations provide substantive evidence for a non-specific
nucleation mechanism, and stress the importance of microbes, even dead ones,
on the rate of formation of carbonate minerals. This work also indicates that ad-
ditional microbial engineering could optimize these interactions and be used to
implement the sequestration of CO2 as stable mineral carbonates on an acceler-
ated timescale. http://foundry.lbl.gov/afgroup/index.html
2646-Pos Board B632
Optogenetic Studies of Electrical Spiking in E. coli Using an Engineered
Proteorhodopsin
Daniel Hochbaum, Joel Kralj, Adam Douglass, Adam Cohen.
We recently engineered a mutant of the transmembrane protein green proteo-
rhodopsin (GPR) that is fluorescent, and whose fluorescence is remarkably
sensitive to membrane potential. When our probe, a Proteorhodopsin Optical
Proton Sensor (PROPS), was expressed in E. coli, we observed dramatic
blinking behavior, with five-fold increases in cell-wide fluorescence occurring
at approximately 0.5 Hz. We traced the blinking to transient electrical depo-
larization of the membrane. In an effort to elucidate the mechanism and bio-
logical role of spiking, we subjected E. coli expressing PROPS to ionic
shocks, dyes, antibiotics, toxins, and a variety of illumination conditions. Elec-
trical spikes correlated with rapid efflux of cytoplasmic contaminants, suggest-
ing that the efflux machinery in E. coli is pulsatile and electrically regulated.
Our initial optical-electrophysiology studies in E. coli demonstrate that
PROPS is a powerful tool for relating electrical activity to function in
microorganisms.
2647-Pos Board B633
Antibacterial and Ultra Microscopic Studies of Salmonella Inhibited by
Silver Coated Carbon Nanotubes
Angel Hundley, Shreekumar Pillai, Courtnee’ Bell, Komal Vig,
Michael Miller, Vijaya Ranagari, Shree Singh.
There is an urgent need for newer antimicrobial agents to prevent or treat Sal-
monella enterica serovar Typhimurium foodborne illness. Silver coated carbon
nanotubes (AgCNTs) are attractive candidates as these nanocomposites may
have tremendous mechanical strength, nanometer diameter, high aspect ratios
of length to diameter, and potential antimicrobial properties of silver. To in-
vestigate this hypothesis, we conducted a time line analysis of the antibacterial
activity of AgCNTs against Salmonella enterica serovar Typhimurium using
SEM, TEM, and AFM. Antibacterial studies were also conducted using the
Kirby-Bauer disc diffusion assay, the bacterial growth curve assay, the stan-
dard plate count assay, and quantitative real-time PCR. In the Kirby-Bauer
488a Tuesday, March 8, 2011assay, AgCNTs at a concentration of 50 mg/mL showed an inhibition zone of
24.1 þ 4.14 mm for Salmonella, while the growth curve assay showed that the
lag phase was prolonged, and bacterial growth was reduced by 29.5%, as com-
pared to the negative control. The standard plate count assays showed that the
Minimum Inhibitory concentration of AgCNTs was between 50 - 100 mg/mL.
Quantitative real-time PCR analysis showed that there was a dose-dependent
reduction in Salmonella ttrRSBCA locus DNA concentration after exposure to
AgCNTs. By comparison to AgCNTs, commercial silver nanoparticles or
CNTs alone did not inhibit bacterial growth or gene expression significantly
as tested by the assays mentioned above. SEM studies showed that the
AgCNTs damaged the bacterial membranes with marked changes in morphol-
ogy; TEM studies also confirmed the presence of fewer bacterial cells with
damaged membranes. AFM studies are currently being conducted to further
assess the mechanism by which AgCNTs inhibit Salmonella enterica serovar
Typhimurium.
2648-Pos Board B634
Detection of Salmonella from Food using UV-Laser Induced Breakdown
Spectroscopy
Courtnee’ R. Bell, Cleon Barnett, Shreekumar Pillai, Angel Hundley,
Komal Vig, Vida Dennis, Shree Singh.
Salmonella infections have increasingly become a major public health prob-
lem, and early detection is crucial to prevent economic and human losses.
Laser-Induced Breakdown Spectroscopy, or LIBS, is the newest technique
that could perhaps be used as a rapid and sensitive technology for the detec-
tion of Salmonella in foods. To investigate this hypothesis we used
a Nd:YAG laser with operating wavelength of 266 nm to generate spectral
fingerprints from brain heart Infusion (BHI), and chicken broth artificially in-
oculated with a range of concentrations (10 - 10 8 cfu/ml) of Salmonella en-
terica serovar Typhimurium. These results were then compared with standard
detection methods including PCR and qPCR. LIBS could detect up to 105
CFU/ml of Salmonella from BHI, and 107 CFU/ml from chicken broth with-
out extended sample processing. By comparison 102 CFU /ml could be de-
tected by PCR from BHI, and up to 104 CFU/ml from chicken broth. qPCR
was the most sensitive technique with detection limits of 10 cfu/ml from
BHI and 102 CFU /ml from chicken broth. Our findings suggest that
LIBS may be a potentially useful technique to detect bacterial foodborne
contamination without extended sample processing. LIBS has fast analysis
time, and is easy to perform as compared to competing techniques. However,
the sensitivity and specificity of the assay needs to be improved for field
applications.
2649-Pos Board B635
Molecular Hydrogen Formation by Escherichia Coli Hydrogenase 3 dur-
ing Fermentation of Glucose at Slightly Acidic pH
Anna Poladyan, Anna Poghosyan, Karen Trchounian, Armen Trchounian.
Molecular hydrogen (H2) can be produced by Escherichia coli during mixed-
acid fermentation of sugars (glucose) or glycerol via membrane-bound formate
hydrogen lyase complex (FHL), which is composed by formate dehydrogenase
H and hydrogenases (Hyd). This bacterium possesses different hydrogenases.
pH can influence on activity of hydrogenases which might determine formate
metabolism and H2 production.
In this study it’s shown that at slightly acidic pH (pH 6.5), during fermentation of
glucose E. coliwild type produces H2. The H2 production yield and its rate deter-
mined by redox measurements was decreased in DfhlA mutant with deletion of
transcriptional activator of Hyd-3 or Hyd-4, and stimulated in DhybB or DhybC
mutants (with defective Hyd-1 orHyd-2, respectively) andDhybCDhybB double
mutant (with defectiveHyd-1 andHyd-2). H2 production rate was not inhibited in
DhyfGmutantwith defectiveHyd-4.N,N’-dicyclohexylcarbodiimide (DCCD) or
sodium azide, the inhibitors of proton translocating F0F1-ATPase, suppressed H2
production in wild type andmutant strains studied. Thus, at pH 6.5 Hyd-3 but not
Hyd-4 may participate in the H2 formation whereas Hyd-1 and Hyd-2 probably
operate in H2 oxidation mode. During glucose fermentation at pH 6.5 hydroge-
nases have relationship with the F0F1-ATPase. The relationship has been clearly
demonstrated for the cells grown at alkaline pH (pH 7.5) that is playing an impor-
tant role in generation of DmH
þ, or detoxification of formic acid formed during
fermentation and neutralization of the cytoplasm.
2650-Pos Board B636
Chirality-Mediated Structure-Properties Relationship in Biomaterials
Marc Taraban, Yue Feng, Yihua Bruce Yu.
The phenomenon of the homochirality of life, its origin and implications remains
one of themost enigmatic fields of science. It has been shown that homochirality
provides necessary control for proper protein dynamics (folding) and is a funda-
mental basis of selectivity in all biochemical processes. Little is known, though,
about the implications of the structural phenomenon of homochirality on thestrength, elasticity, and other relevant mechanical characteristics of biopoly-
mers. However, these effects could be profound and lead to significant morpho-
logical differences of the resulting biomaterial which is relevant to a number of
severe human pathologies. Here, we present the detailed study of the peptide hy-
drogels assembled from a pair of self-repulsive but mutually attractive
oppositely-charged oligopeptides with identical (homochiral) or mirror (hetero-
chiral) chirality. Nanoscale structural andmorphological characteristics derived
from the SANS data demonstrate the distinctions between homochiral and het-
erochiral hydrogels as seen from the 2D cross-sections of the fibers, pair-wise
distance distribution functions and the mass-fractal and correlation length anal-
ysis. 1H NMR was used to monitor faster gelation kinetics for heterochiral gels
as compared to the homochiral ones, and to observe the differences in the diffu-
sion coefficients and T1 and T2 relaxation times. Studies at the nanoscale and
molecular level have allowed us to suggest how these differences translate
into the distinctive mechanical strength and elasticity of such homochiral and
heterochiral hydrogels observed by means of dynamic rheometry. Our findings
show that homochiral biomaterials are characterized by much better visco-
elastic properties, thus possessing evident stability advantages over the hetero-
chiral ones.
2651-Pos Board B637
Do Cellulases Exhibit Diffusion Along Cellulose Surfaces? Evidence from
FRAP and Single Molecule Experiments
Jose M. Moran-Mirabal, Jacob C. Bolewski, Larry P. Walker.
Cellulases are important enzymes in biofuel production because they hydrolyze
cellulose into soluble oligosaccharides. Cellulase structure is modular, typi-
cally composed of one or more cellulose binding modules (CBM) and a cata-
lytic domain (CD). The current view of cellulase-cellulose interactions is
that cellulases first adsorb onto the cellulose surface via the CBM, increasing
their local concentration at the surface and facilitating the attachment of the
CD for catalysis. Based on earlier FRAP experiments, it has been further as-
sumed that cellulases can steadily diffuse along the cellulose surface until a cat-
alytic site is found. To test these notions we conducted FRAP and single
molecule tracking (SMT) experiments for Thermobifida fusca cellulases ad-
sorbed onto bacterial micro-crystalline cellulose. Our findings show that cellu-
lase surface diffusion cannot be accurately determined by FRAP measurements
alone, due to their highly dynamic binding/unbinding, especially at tempera-
tures where catalytic activity occurs. FRAP data shows that under constant
buffer flow, where rebinding of enzymes is removed, cellulases exhibit limited
fluorescence recovery, arguing that surface diffusion plays a minor role in the
recovery observed in previous experiments. These observations were further
confirmed by SMT, where limited surface diffusion was observed for endocel-
lulases, and no significant surface diffusion was observed for exocellulases.
Our observations are consistent with a model where surface diffusion occurs
when cellulases are bound to the surface solely by their CBM. Thus, exocellu-
lases which have the cellulose fibrils threaded into their CD cannot exhibit fast
long range displacements, while endocellulases which have open catalytic
clefts can exhibit surface diffusion based on the loose attachment to the surface
via the CBM. These experiments shed light onto the molecular mechanisms of
cellulase-cellulose interactions and challenge some of the notions of surface
diffusion of cellulases.
2652-Pos Board B638
Investigating Cellulase Synergistic Binding and Activity on Simple and
Complex Cellulose Morphological Structures
Marie Donnelly, Jose M. Moran-Mirabal, Stephane C. Corgie,
Harold G. Craighead, Larry P. Walker.
Cellulases are an important class of cell-wall degrading enzymes that bio-
chemically convert cellulosic feedstocks to fermentable sugars. Understanding
the molecular basis of cellulase interactions responsible for synergistic behav-
ior observed between cellulases is critical for rationally designed enzyme cock-
tails. Traditional biochemical techniques that take indirect bulk solution
measurements of free protein to determine bound protein concentration are lim-
ited in resolving spatial and temporal patterns of enzyme diffusion and binding
that are key to understanding synergism. Integrating advanced imaging tech-
niques like epi-fluorescent microscopy with the existing biochemical data
will allow us to overcome these limits and offer the potential for extracting
greater insight into the molecular mechanisms that govern cellulase synergism.
Binding kinetic data for multiple cellulases with different catalytic actions co-
localizing on simple and complex cellulose morphologies can be determined
with a high degree of spatial and temporal resolution that has not previously
been possible; thus, allowing for a more in-depth exploration of the heteroge-
neous catalytic interactions between synergistic cellulases.
Pure fluorescently labeled populations of Thermobidfida fusca endocellulase
Cel5A, and exocellulase Cel6B, were applied to immobilized cellulose.
